We have now reached a stage in the lifecycle of semantic technologies, where a major integrative effort is needed, so as to produce the infrastructure that the community requires. A large-scale effort is needed to tackle the 'holistic' problem of an effective integration of technologies and methods. This effort would make the acquisition, design, development and maintenance of large, heterogeneous semantic applications, which are now, in principle, feasible, more cost-effective.
Introduction
NeOn is a project comprising 14 European partners co-funded by the European Commission's 6 th Framework Programme with an expected starting date March 2006 and duration 4 years. The NeOn consortium includes Open University (UK, co-ordinator), Universitaet Karlsruhe (Germany), Universidad Politecnica Madrid (Spain), Software AG (Germany), iSOCO (Spain), Jozef Stefan Institute (Slovenia), INRIA (France), ontoprise GmbH (Germany), Universitaet Koblenz-Landau (Germany), University of Sheffield (UK), Consiglio Nazionale delle Ricerche (Italy), United Nations Food & Agriculture Organization (Italy), pharmaInnova (Spain), and Atos Origin (Spain) NeOn's primary aim is to advance the state of the art in using ontologies for large-scale semantic applications in the distributed organizations. Particularly, we aim at improving the capability to handle multiple networked ontologies that exist in a particular context, are created collaboratively, and might be highly dynamic and constantly evolving.
Project Background
Ontologies are considered a key technology enabling semantic interoperability and integration of data and processes [4] . Ontologies have been so successful in recent years that Gartner ranks them third in their list of the top 10 technologies for 2005. We are now entering a phase of knowledge system development, in which ontologies are produced in larger numbers and exhibit greater complexity.
We face an opportunity to build a new generation of complex systems, which can make the most of the large volumes of data and large, reusable semantic resources available. These systems will provide new functionalities in the emerging Semantic Web, in the automation of business to business relationships, and also in the company intranets.
At the same time, we face a challenge: methodologies and technologies from the days of closed, knowledge-poor systems do not adequately support the whole application development lifecycle for these new semantic applications. For example, the most popular tool available today for ontology development, Protégé [5] , for all its merits, is limited with respect to (i) lifecycle support, (ii) collaborative development of semantic applications, (iii) web integration, and (iv) the cost-effective integration of heterogeneous components in large applications (whether 'closed' within corporate intranets or in the open).
Vision of the NeOn Project
The Semantic Web [1] of the future will be characterized by a large number of ontologies developed with respect to various contextual factors, which may reflect the developers' skills, their application needs, their cultural and social 'biases', and the tools they prefer to use. As the complexity of semantic applications increases, more and more knowledge will be drawn from a wide variety of sources to be embedded in applications. The new applications need to reflect the fact (i) that new ontologies are embedded in a network of already existing ones and (ii) that ontologies and metadata have to be kept up-to-date within changing application environments.
In this scenario it will be prohibitively expensive to adopt the current approach to semantic integration, with its emphasis on producing a single, globally consistent semantic model, which fully integrates the pre-existing ontologies. In contrast, future applications will rely on networks of contextualized ontologies, which are locally but not globally consistent.
NeOn addresses the complete R&D cycle of the new semantic applications using contextualized networked ontology environments, and has four broad types of objectives: a) Contributions to foundational research … we expect these would mostly take 'academic' forms, incl. publications describing a methodology and case studies, as well as a handbook for developers and users. b) System-level outcomes … these would be a mixture of methodologies and tangible software products for use in education and in industry (esp. in system integration).
c) Sector-level outcomes … these aim at improving efficiency of information sharing in industries where participants are dispersed and knowledge rapidly evolves (such as pharmaceutics). d) Community-oriented outcomes … we intend to spin NeOn off into a foundation similar to that for Mozilla or Jabber, which will allow more interaction of developers, architects and users.
Rationale for the NeOn Project
First, let us consider the methods and tools for managing the dynamics of contextualized networked ontologies. Whereas the development of single, static ontologies is well supported, ontology (and metadata) evolution has been a rather poorly understood aspect of the ontology lifecycle, especially in an environment with large numbers of networked ontologies [3] . Hence, new methods are needed to facilitate evolution of ontologies while guaranteeing their "local consistency".
Secondly, we consider methods and tools for collaborative development of contextualized networked ontologies. Large ontologies are built by teams distributed across time and space, and large applications use knowledge from a variety of sources [6] . The NeOn tools will support collaborative development as well as mechanisms for reasoning about the provenance of ontological structures and their quality.
Next, methods and tools for using and reasoning with contextualized networks of ontologies are needed. There is some work on ontology mapping and the recent proposals do away with notions of global consistency in favour of weaker, local consistency. In NeOn we will focus on contextualized ontologies, where contexts provide means for parameterizing a network of ontologies with respect to users, groups, or tasks [2] . We believe this work is essential for cost-effective, usercentred and application-tailored use and re-use of ontologies.
Finally, human interaction needs a significant improvement if we want to move ontology engineering from an academic niche to a practical activity. Most semantic technologies pay little attention to the user with the result that much ontology engineering technology is tried out and discarded by the user after a brief trial. NeOn aims to change this by providing costeffective methods for customizing ontologies to users' tasks and methods for ontology management and navigation.
NeOn: The Infrastructure for Semantic Technologies
Market predictions for knowledge technologies from firms like Gartner are based on market pull, and assume the existence of a mature technology. The objectives of NeOn are based on the fact that current ontology-related technologies
are not yet mature enough to build interoperable and scalable real-life systems -mainly due to deficiencies and challenges described in section 3.1.
On the research side, NeOn aims to become a reference technology forming the basis on top of which further research and industrial applications can be built. From an industry perspective the impact we aim for can be illustrated by our expectation that most large-scale, ontology-based solutions brought to the market will exhibit the "NeOn inside" logo.
Semantic Web technology is enjoying a growing interest from industries, public organizations, and the wider technologyaware user audience. The challenge for NeOn is to make its tools and developed infrastructure the de-facto standard in networked ontology management, both in Europe and beyond. De-facto standardisation occurs when protocols and APIs become sufficiently widely-used to stimulate a snowball effect where adoption becomes the norm.
Conclusions
In a nutshell, we have now reached a stage in the lifecycle of Semantic Web technologies, where a major integrative effort is needed, so as to achieve the kind of robust infrastructure that the community requires. Thus, we believe that quantum leaps are not going to be achieved by looking at individual atoms in the research landscape. There are already many sophisticated techniques on the market, which have made semantic technologies both very 'hot' and very successful, even though primarily confined within 'closed applications', some built entirely manually, others making use of (semi-) automatic methods.
What is needed is a large-scale effort to tackle the 'holistic' problem of effectively integrating technologies and methods. This effort would make it cost-effective for organizations to tackle the acquisition, design, development and maintenance of the large, heterogeneous semantic-based applications, which are now, in principle, feasible thanks to the increased sophistication of sophisticated semantic technologies. To move from feasibility in principle to concrete costeffectiveness is what NeOn aims to achieve.
